Service at the University of California, San Diego is a nationally recognized humanitarian engineering and social innovation program. In Global TIES, student-led, faculty-advised, interdisciplinary teams of undergraduate students earn academic credit for designing engineering and technology solutions in partnership with local and global nonprofit organizations. Data suggest that participation in Global TIES has a positive impact on students on a number of academic and developmental variables, including many of the professional and technical skills recommended by the Accreditation Board for Engineering and Technology. These findings, as well as the program's history, mission, and curriculum, are described. Best practices developed and lessons learned over the program's first decade are also discussed.
INTRODUCTION
Earlier this year, a group of engineering deans and educators gathered at the National Academy of Engineering (NAE) to craft a response to President Barack Obama's urgent call to increase the number and diversity of students graduating with engineering degrees and to fortify them the skills they will need to meet 21 st century challenges. The meeting, entitled "Educating Engineers to Meet the Grand Challenges," produced a collective commitment on the part of colleges and universities to graduate a new generation of engineers, one that will be prepared to meet the societal challenges that have been alternately articulated by the White House Strategy for American Innovation, the NAE's Grand Challenges for Engineering, and the United Nations (UN) Millennium Development Goals. Specifically, the signatories have agreed to collectively graduate a minimum of 10,000 students over the next ten years who will have exposure, if not expertise, in five crucial, overlapping domains:
 Project-based learning related to one or more of the NAE Grand Challenges;  Experiential learning that includes interdisciplinary experience;  Entrepreneurship and innovation experience;  Cross-cultural or global experience;  Development of social conscience through service learning (NAE, 2014). 1 The task of transforming the undergraduate engineering experience is a formidable one. In their persuasive report on behalf of the American Society for Engineering Education (ASEE), Jamieson and Lohmann (2009) astutely point out that how we teach is at least as important as what we teach. 2 The most compelling material will fall on deaf ears in today's engineering classrooms, if today's students do not perceive it as relevant and engaging. Moreover, the most effective learning environments grow out of a concern for both content and learning, and they reflect a thoughtful integration of curriculum, instruction, and assessment of learning outcomes (Jamieson and Lohmann, 2009 ). Fortunately, the paradigm has begun to shift in terms of the undergraduate engineering curriculum and how it is delivered, and there are an increasing number of models for effectively engaging students in the five experiences described above. These include the NAE Grand Challenge Scholars Program, Engineers Without Borders, and Engineering Programs in Community Service (EPICS), among others. Moreover, there is growing evidence that integrating these innovations into the undergraduate curriculum not only enhances the depth and breadth of students' educational experiences, but also has a positive effect on recruitment and retention of engineering students, particularly women and underrepresented minorities (Kuh, Kinzie, Schuh, and Whitt, 2005) . 3 Global TIES -Teams in Engineering Service at the University of California, San Diego (UC San Diego) is one such innovation. The program's mission, its ten-year trajectory, academic and developmental impact on students, best practices, and lessons learned are described below.
A Brief History of Global TIES
Global TIES is a nationally recognized humanitarian engineering and social innovation program in which faculty-advised, interdisciplinary teams of undergraduate students design solutions in partnership with nonprofit organizations in greater San Diego and in developing countries around the world. Founded in 2004 as Teams in Engineering Service (TIES) and inspired by and initially modeled after the award-winning EPICS program at Purdue University, the Global TIES program has designed affordable and sustainable engineering and technology solutions in partnership with local chapters of organizations such as Habitat for Humanity, United Cerebral Palsy, and the National Federation for the Blind. Initial funding was provided by a National Science Foundation (NSF) grant to EPICS to seed engineering service learning programs at other universities, and Global TIES remains an active member of the EPICS University consortium. It is one of three campus programs that have earned UC San Diego a place on President Obama's Honor Roll of Higher Education Community Service for each of the past four years (http://www.nationalservice.gov/about/initiatives/). It has also been recognized by the Clinton Global Initiative University. A brief video about Global TIES, produced by UCSD-TV, may be viewed on the program's web site (http://globalties.ucsd.edu).
In 2010, in recognition of the growing need for students to have cross-cultural competence as well as a more global awareness of socially urgent needs for engineering and technology solutions, TIES expanded its mission to include partnerships with non-governmental organizations (NGOs) in developing countries. Rebranded as Global TIES, the program currently has projects with Gawad Kalinga in the Philippines, the Loloma Foundation in Fiji, and La Misión Children's Fund in Mexico, in addition to an array of sustainable community development projects with local nonprofit partners in greater San Diego.
Mission
Global TIES has a broad, student-centered mission: As stated, the core mission of Global TIES is one of education. However, meeting the needs of partner nonprofit organizations is inextricably woven into the educational mission of the program. Through the focus on human-centered design and humanitarian engineering, students learn to see "clients" as "partners" without whose cooperation, designed solutions, no matter how innovative or affordable, cannot succeed in the long-term. The needs of partner organizations must be satisfactorily addressed in order for the relationship to flourish and the project to advance. Moreover, students are encouraged to use this relational context to redefine "service" as a reciprocal activity in which they may very well gain more than those they are purporting to serve. But it is essential that partners gain from the experience as well. Otherwise, service learning programs are at risk of squandering the time and good will that partner organizations invest in their students. In the absence of careful stewardship of relationships with organizational and community partners, service learning initiatives are at risk of devolving into exploitation.
Curriculum
The Global TIES program is currently rooted in a two-course curriculum. Global TIES students initially participate in a foundational design course, formerly called "Team Engineering," but recently reformulated and retitled as "Design for Development." This course introduces students to the practice of human-centered design and humanitarian engineering. Topics include contextual listening, needs and capacity assessment, stakeholder analysis, sustainable community development, social innovation, team development and leadership, project management, and ethical engagement with organizations and communities. Students collaborate with peers on "paper" design projects in partnership with a local nonprofit organization or a global NGO with local representation. These "paper" projects often serve as the basis for the longer-term projects and partnerships in the laboratory course, described below. Students typically take the design course prior to or concurrently with their first quarter of participation in the laboratory course.
Each section of the laboratory course, "Design for Development Lab," corresponds to one of the Global TIES program's long-term (multi-quarter) projects. In this course, students participate in small (8-15 students), faculty-advised teams that design, build, test, and deliver engineering and technology solutions for one of the program's nonprofit partners. Projects have included creating digital records systems for a local nursing home and free clinic, designing a kindergarten from a salvaged shipping container for a remote village in Fiji, and building a solarpowered water pump for a children's home in Mexico. Students may take the laboratory course for up to six quarters of academic credit, giving them a rare opportunity for start-to-finish design experience. Teams are vertically integrated, with students who are new to the project learning from more experienced students. This model creates a "leadership ladder" within Global TIES by which students rise into leadership positions on the team and within the program. Teams complete client presentations and continuity reports to provide for smooth transitions between academic quarters. Each team is advised by a faculty and/or technical advisor, as well as an undergraduate student with advanced training and experience in the program. Faculty advisors come primarily from within the school of engineering, but projects have also been advised by faculty from other schools, such as medicine, social sciences, and the arts and humanities. Technical advisors are practicing or retired professional engineers, who volunteer their time to the program.
As noted above, how courses are delivered is likely to be as important as course content in terms of engaging students. Global TIES courses are largely experiential and the technical material involved varies, appropriately, by project. However, there are some elements that are common to all projects and that research has indicated are crucial to student engagement and success:
 Problem-focused/project-based learning;  Active, experiential learning;  Collaborative learning;  Field-based learning;  Close faculty-student interaction;  Interdisciplinary learning;  Community and/or global engagement (Kuhn, Kinzie, Schuh, and Whitt, 2005). 4 Moreover, the Global TIES program is closely aligned with the mission and strategic plan for both the engineering school and the university. This alignment has been crucial in garnering institutional support and the respect and participation of faculty and students. Global TIES courses may be used to fulfill technical or professional electives in nearly all of the engineering majors, including those in computer science. In addition, students may use the courses to partially fulfill requirements for the business minor. Strategic partnerships between Global TIES (which is housed in the engineering dean's office) and departments within the engineering school and across the campus have played a critical role in growing and diversifying the enrollment of the program.
PROGRAM OUTCOMES

Participation
Enrollment in the Global TIES program has grown dramatically since the early years of the program (Figure 1 ). In 2013-14, the total enrollment in the Global TIES courses was 709 students, the highest enrollment to date. (It should be noted that this number reflects combined course enrollment, and not individual students, as in any given quarter, students may be concurrently enrolled in both the design and laboratory course.) This represents a 175% increase over enrollment during the inaugural year of the program and a 130% increase since 2008-09, the academic year before the program went "global". Multiple sections of both the design and laboratory course are currently offered every quarter.
Historically, Global TIES has enrolled a significantly greater percentage of female students with engineering and technology majors than the national average reported by the NSF. Of the 1,665 students with engineering majors who have participated in the Global TIES program over the past decade, 488 or 29.3% have been women. Annual percentages have ranged from a low of 21.4% during the inaugural year of the program to a high of 35.6% in 2013-14. (It should be noted that these percentages reflect individual female students with engineering and computer science majors. Female students with non-engineering majors regularly enroll in Global TIES, but are not reflected in these statistics.) During this same period, the percentage of women undergraduates enrolled in engineering schools across the nation ranged from a low of 16.3% in 2004 to a high of 18.6% in 2011, the last year for which data are publicly available (NSF, 2014). 5 This trend constitutes a welcome but not wholly unexpected outcome of the Global TIES program. Similar trends have been found in EPICS and other course-based service learning programs. Moreover, there is a growing body of evidence that gender differences exist in the value that people place on engaging in work that directly benefits society, with women more likely than men to be attracted to work that has a clear social purpose (Margolis & Fisher, 2002; Lubinski & Benbow, 2006; Eccles, 2007) . [6] [7] [8] The focus on human-centered design, humanitarian engineering, and social innovation that characterizes the Global TIES program likely appeals to female engineering majors who are looking for ways to apply their skills for social good.
FIGURE 1 GLOBAL TIES COURSE ENROLLMENT BY ACADEMIC YEAR
Academic Outcomes
In an effort to evaluate the impact of the Global TIES program, students enrolled in the laboratory course were asked to complete a survey at the beginning and end of a recent quarter. Twenty-six of the 62 students enrolled at the end of the add period took both the pretest and posttest, yielding a response rate of 42%.
Twenty of the students (76.9%) who took the posttest were male and six (23.1%) were female. A majority of students (88.5%) identified their ethnicity as "Not Hispanic/Latino(a)." In terms of race, eleven students (42.3%) reported their race as "White," and nine students (34.6%) reported their race as "Asian American." Similar results were found on the pretest, and these percentages approximated the demographic profile of the course, with the exception that women and Asian Americans were slightly underrepresented. All of the respondents had engineering majors, and all but three were completing their first quarter in the program.
Of particular interest was the impact the program may have had on students' self-efficacy beliefs with regard to the practice of engineering. Self-efficacy has been described as an individual's belief in his or her capacity to execute domain-specific behaviors (Bandura, 1977; 1997) . [9] [10] Students were asked to complete the Engineering Self-Efficacy Scale (ESES) (Bratton, 2009 ). 11 The ESES uses the Accreditation Board for Engineering and Technology's (ABET) learning outcomes as the behavioral domain. Students were asked to indicate how confident they felt in their ability to complete each of the 13 learning outcomes. Students indicated their degree of confidence utilizing a seven-point scale with these anchors: "1 -No Confidence" and "7 -Complete Confidence." Students were able to select "NA" if they felt that the item did not pertain to them. This option was included given that students with non-engineering majors were enrolled in the course.
As Table 1 indicates, respondents scored significantly higher on the posttest for eight of the 13 items on the ESES. Students reported greater self-efficacy in design, identifying and formulating problems, solving problems, making professional presentations, writing professional reports, using engineering techniques, skills, and tools, and understanding the impact that technology can have on society. Moreover, a statistically significant difference was also found on ESES Total Score, which represents the sum of the item scores while controlling for missing responses. Item means and standard deviations are reported in Table 1 . Although the sample was quite small and the study did not have the benefit of a control or comparison group, these results are remarkable given that 22 of the 26 respondents (84.6%) identified themselves as seniors who likely entered the program with highly developed skills. 
Developmental Outcomes
The results of subsequent surveys suggest that participation in the Global TIES program positively impacts students in other important ways as well. Students routinely report selfperceived gains in leadership skills, collaboration skills, commitment to future service, knowledge and understanding of global issues, appreciation for diversity, and confidence in their ability to "make a difference in the world."
In a recent quarter, 87 students enrolled in the laboratory course were asked at the beginning and end of the quarter to indicate the extent to which they agreed with a number of statements about their skills and abilities. Each item was followed by a five-point scale, anchored by "1-Strongly Disagree" and "5-Strongly Agree." Forty-five of the students returned useable surveys at the end of the quarter, yielding a response rate of 51.7%. As with the previous survey, students were asked to create a unique codename on the first survey and then to recall it on the second survey, in order to enable a comparison of their responses while still preserving the anonymity of the data. Unfortunately, in this case, this system yielded too few matches for the results to be analyzed by inferential methods. However, percentages of students endorsing "Agree" or "Strongly Agree" for each item on each occasion are reported in Table II . Evaluations of the Global TIES program have often also included "post-only" items that are asked only at the end of the quarter. These items are designed to encourage students to reflect on how their experience in the program may have affected them and whether they would recommend the program to other students. Students are asked to indicate their agreement with each item utilizing the same five-point scale described above. Results from a recent quarter are reported in Table III . As Table III indicates, nearly nine in ten students (88.6%) reported that they had learned to apply their knowledge to real world settings. Moreover, slightly more than nine in ten (90.9%) reported that they became more interested in engineering and technology as a result of their participation in the program. An even larger percentage (93.2%) reported that they would recommend the Global TIES program to other students.
There are other, less conventional ways of measuring program impact. A number of Global TIES students have received recognition for their project-related work, such as awards from UC San Diego's Bernard and Sophia Gordon Engineering Leadership Center. Teams routinely compete and prevail in university-wide and regional social innovation design competitions. And nine of the 27 students representing UC San Diego at the 2014 Clinton Global Initiative University were Global TIES students.
More deeply engaged students are likely to become more deeply engaged and devoted alumni. While the participation rate in alumni giving across a wide variety of institutions hovers between 9-10% (Schipp, 2013), 12 41% of the students who have participated in Global TIES have made at least one gift to UC San Diego. These gifts have ranged in size from $10 to $12,000. The largest alumni gift to the program allowed a team of students to travel to the Philippines to deploy their solar-powered streetlamp prototype. Given the relative youth of the program's alumni, their generosity is commendable. One recent graduate summed up her reason for support of the program in this way: 
AN IN-DEPTH LOOK AT ONE PROJECT
In March 2010, the executive director of the Global TIES program traveled to the Philippines, where she met with the leaders and staff of the NGO Gawad Kalinga (GK) (http://www.gk1world.com/home). Founded in 2003, GK has an ambitious mission: "ending poverty for five million families by 2024." 13 It enacts this mission through building sustainable communities across the Philippines for those who are homeless or living in substandard conditions. Or more accurately, it acquires the land and building materials, and assists the poor in building their own communities, along with building their self-esteem and hope for the future. Special Edition, pp. 205-221, Fall 2014  ISSN 1555-9033 Impressed by what she witnessed, the executive director launched a new project partnering with this inspiring NGO. GK has a fund-raising arm of its organization in the United States, headquartered in San Diego. This allowed students to interact not only via Skype with GK representatives in the Philippines, but also with local representatives who could help provide feedback on designs.
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The new team first set out to learn all that it could about its partner and the context in which it operated. This process was facilitated by interaction with the representatives of GK in San Diego and Manila, but perhaps more significantly, by the leadership of several of the team members themselves. A number of Filipino students and students of Filipino descent joined the team, eager to give back to the Philippines. They enthusiastically introduced their teammates to the history, food, and music of the Filipino culture.
Initial projects focused on improving the design of GK homes, making them more structurally sound and environmentally sustainable. A particular problem that GK faced was the number of roofs lost to high winds during frequent typhoons. The Global TIES team set to work on an improved roof design that could be integrated into new construction without significantly raising costs. It also designed a typhoon strap that could more securely join existing roofs to the walls of homes. Other projects included water filtration and rainwater catchment systems.
In 2011, the Global TIES program hosted a visit by Tony Meloto, the founder of GK and winner of the Skoll World Forum Award for Social Entrepreneurship. Students were mesmerized and energized by his talk, and "Tito Tony", as he is known in the Philippines, subsequently invited the team to a GK fundraising event in Las Vegas where he highlighted their work and introduced them to the Vice-President of the Philippines, Jejomar Binay. At that time, GK was in the process of launching the second phase of its "Development Roadmap," focused on "social artistry" or social entrepreneurship. In this phase, GK was building the first of what they hope will be several "Centers for Social Innovation" throughout the Philippines. These centers will strive to inspire Filipinos to create social enterprises that will generate employment for themselves and their neighbors. To this end, GK was eager to partner with universities, such as the UC San Diego, and programs, such as Global TIES, to generate ideas and prototypes for exhibition at what is known as the "Enchanted Farm" (http://gk1world.com/gk-enchanted-farm).
The Global TIES students enthusiastically embraced this challenge. They designed, built, and tested a solar-powered streetlamp that could be utilized to reduce GK communities' dependence on an expensive, often unreliable, and in some areas, unavailable electrical grid. In June 2013, a team of students traveled to the Philippines for a week to assemble and erect their prototype. As mentioned above, this deployment trip was underwritten by an alumnus of the Global TIES program with matching funds from his employer. Additional support was provided by the UC San Diego's Social Innovation Fund, which awards grants to students through a competitive process.
On arrival in Manila, the students scoured the city in search of the hardware and electronic components that were too cumbersome to carry from the United States or were unlikely to make it successfully through customs and security at the airports. Then they huddled into a "jeepney" (a jeep with two parallel benches in the rear for passengers; a popular mode of transportation in the Philippines) for the three-hour trip from Manila to the town of Angat in Bulacan Province, the site of the Enchanted Farm. At the farm, they were met by "Tito Tony" Meloto and members of his staff. The students participated in an orientation about the vision and mission of the Enchanted Farm, and at dawn the next morning, helped the local villagers plant crops. Then they began work on their prototype, putting in twelve-to-fourteen hour days -soldering, painting, assembling, waterproofing, digging, mixing and pouring concrete -and addressing the many unanticipated problems that inevitably accompany real-world humanitarian engineering. They finished erecting the prototype just a few hours before sunset on their last full day at the farm, and then waited anxiously to see if it would work. The lamp turned on at twilight as designed, an event accompanied by cries of jubilation from the students, GK staff, and villagers. The students with their successful prototype can be seen in Figure 2 . The team is currently engaged in designing, building, and testing a new solar-powered streetlamp prototype and plans to make a return trip to the Philippines in 2015.
FIGURE 2 GLOBAL TIES STUDENTS
BEST PRACTICES
During its first decade, Global TIES has developed or adopted a number of "best practices" in terms of student engagement, such as project-focused, collaborative, interdisciplinary, fieldbased, and community-oriented service learning. Some of these practices have been described above. In addition, Global TIES tries to foster:
Close Faculty-Student Interaction
Perhaps one of the most appealing and rewarding features of the Global TIES program, for students and faculty alike, is the opportunity for close faculty-student interaction. The size of the teams in the laboratory course resembles the class size of a graduate seminar. (The optimal size for a team varies by project, but appears to fall between eight and fifteen students. If the team is too small, students begin to feel overwhelmed and frustrated, and productivity suffers. If the team is too large, students find it difficult to find a time to meet outside of class, and a diffusion of responsibility can occur, in which students lose track of who is accountable for what. Matching the size of the team to the scope and nature of the project and encouraging students to engage in careful planning at the beginning of each quarter can help to prevent and address these issues.) The relative small team size provides an invaluable opportunity for an undergraduate to regularly engage on a "first-name basis" with a faculty member and/or technical advisor. Faculty and technical advisors meet with student teams weekly, and travel with students to visit nonprofit partners and project sites. They often participate in "team-bonding" events, social activities held at the beginning of each quarter designed to catalyze the process of team development. In at least one case, a technical advisor even allowed students to construct a prototype in his garage! Global TIES faculty and technical advisors get to know individual students and their work on a deeper level than they would in large lecture course. They are in an excellent position to write detailed letters of recommendation for students for employment or admission to graduate school. Many Global TIES students stay in touch with their faculty and technical advisors, and their teammates, after graduation.
Cross-Cultural Experiences
Consonant with its mission, Global TIES strives to partner with nonprofit organizations that work with underserved communities. International projects are inherently cross-cultural and focus on underserved communities in developing countries. But even domestic projects are designed to provide students with opportunities to work with others whose racial, ethnic, and economic background, or abilities, may be very different from their own. Global TIES students have designed educational game apps for an academic enrichment center in a low-income housing development, created and delivered environmental education lessons in elementary, middle, and high schools in underserved neighborhoods, and adapted toys for children with special needs.
Students must be prepared to effectively and respectfully engage with these communities. General preparation occurs as part of the "Design for Development" course, in which students learn the importance of engineering in partnership with a community as opposed to creating designs based on their well-intentioned but sometimes initially ill-informed ideas of what a community needs. More project-specific preparation occurs on "Design for Development Lab" teams. For instance, the team who traveled to the Philippines engaged in intensive pre-departure training provided by the university's international center. Moreover, as noted above, in the three years leading up to the trip, Filipino students on the team taught their teammates basic phrases in Tagalog and introduced them to aspects of Filipino culture, politics, food, and music.
Integrated, Experiential Course Structure
As described above, Global TIES currently consists of an integrated two-course curriculum. The "Design for Development" course serves as a "feeder" of project ideas, designs, and students for the "Design for Development Lab." It also helps prepare students for the work of designing, iterating, building, testing, and deploying prototypes that takes place in the laboratory course. In a theory-intensive curriculum, these experiential courses serve as an important, practice-oriented bridge between foundational engineering courses and the capstone senior design project.
Course credit is the currency of academia, and academic rigor is not incompatible with service learning. Awarding course credit helps attract students to the program and ensures their investment even in light of mounting demands from their other courses. It also signals to students and faculty alike that the commitment of time and effort involved in Global TIES is commensurate with other courses. Credit is awarded for learning, not service. Students are required to complete a number of academic assignments throughout the quarter, including design project plans and budgets, goals and objectives, weekly progress reports, peer evaluations, and posters, presentations, and continuity reports for their client organization. There are also reflection assignments (described in greater detail below). Learning outcomes and the bases for evaluation are clearly articulated in the syllabi for both courses.
Student Reflection
Students in both the "Design for Development" course and the "Design for Development Lab" are encouraged to reflect on their work in order to consolidate their learning and better understand the "client" and context for their particular project. Unlike more technically oriented assignments, such as weekly progress reports and quarterly presentations and continuity reports, reflections focus on learning about self and others. These reflection assignments are completed by individual students, as opposed to teams, and have taken a variety of forms, from end-of-thequarter essays to shorter answers to specific prompts.
Recently, students in the "Design for Development" course were asked to provide one-page essays to questions about their projects or other course material. These assignments, called "takeaways," occurred every two-to-three weeks and were designed to help students reflect on their experience in the course and identify any content that had made a particular impression or otherwise deepened their understanding of the material. In some cases, prompts were general in nature (e.g., "What is one thing you have learned so far and how might you apply this knowledge in the future?"). In other cases, prompts were more content-specific (e.g., "What skills do you think you need to develop and practice to effectively deal with the ethical dilemmas that you might encounter in the future?"). Students were asked to submit each "takeaway" online, and the instructor then replied to each submission with a brief, personalized response designed to encourage further reflection. In this way, the instructor was able to engage in a quarter-long, online dialogue with each student.
Reflection after a field experience is also vitally important. Field experience reflections can take the form of essays, journals, presentations, slideshows, or videos. The common requirement regardless of medium is that the student must demonstrate what he/she has learned from the field experience and how he/she plans to apply that learning in the future. Excerpts from some field experience reflections have been included above.
Improvement-Oriented Ethos
Global TIES also engages in reflection on a program level and strives to maintain an improvement-oriented ethos through the use of systematic evaluations. These evaluations are in addition to the course and teaching evaluations routinely administered by the university. As described above, evaluations by students focus on their perceptions of their technical and professional skills, including those recommended by ABET, as well as leadership skills, appreciation for diversity, commitment to future service, and ways in which the Global TIES program may deepen their understanding of material from other courses. Moreover, project teams meet regularly with representatives of their client organizations and client feedback is routinely solicited and integrated into the development of the projects and the conduct of the overall program. The data from these various evaluations, some of which are reported above, are analyzed and communicated to the program's various stakeholders through a diversity of media.
LESSONS LEARNED
Through a process that mirrors what Global TIES tries to teach students about human-centered design and social innovation, the program's leadership and supporters have engaged in -and continue to engage in -iteration informed by user feedback. After ten years, Global TIES remains -by design -a work in progress. A few of the most significant lessons learned over the past decade are outlined below:
Institutional Commitment
An institution considering the launch of a program like Global TIES might be under the impression that it has to first stockpile a small fortune, given the expense involved in small project-based courses and student travel. But in actuality, Global TIES operates on a very lean budget, particularly when one considers the number of students it serves. Teams receive a modest allocation per quarter for the development of prototypes, and individual students are required to pay a portion of their international travel costs. (The program also provides travel scholarships, so that international travel is not limited to those students who have the ability to pay.)
There are a number of viable ways in which programs like Global TIES can be financed. Global TIES receives most of its funding from the university and engineering school, in support of the courses it delivers, and then fills in any gaps with gifts and grants. Moreover, judicious stewardship of resources has ensured that the program will be serving students and communities for the foreseeable future.
A related but more essential ingredient for success has been institutional commitment. Funds for innovative initiatives can come from a variety of sources, but nothing can replace commitment from the leadership of the institution. Global TIES has been fortunate that the leadership of both the engineering school and the university recognize the value that the program adds to the undergraduate curriculum, as well as the role that it plays in enacting the educational and service aspects of the mission of UC San Diego. They also recognize that the skills that students develop in "high impact" programs such as Global TIES are precisely the ones that employers are seeking in university graduates (Hart Research Associates).
14 Moreover, as noted above, the program likely plays a significant role in recruiting and retaining engineering students, particularly women.
Leadership Capacities of Undergraduate Students
By design, Global TIES has a lean organizational structure. The program is led by a full-time executive director (who also teaches in the program), and projects are advised by a combination of faculty and technical advisors. Faculty receive teaching credit commensurate with the number of projects and quarters that they advise, and technical advisors serve on a volunteer basis. Faculty and technical advisors appear to be attracted to the service mission of the program. They tend to be active in community or international development work, and often approach the program with their own ideas for new projects. The program also employs a part-time staff person who provides programmatic and administrative support (e.g., managing laboratories, developing course schedules, etc.). The program relies heavily on undergraduate teaching assistants to help faculty advise and manage projects. These advanced students have participated on a Global TIES team for one or more quarters, usually in a leadership position, and provide a crucial link between the individual projects and the program's administration. Their responsibilities mirror those of graduate assistants on other campuses, and they spend an average of ten hours per week advising two projects in exchange for a modest hourly salary. Undergraduate students also provide leadership for the program's marketing efforts and technical support. This extension of the "leadership ladder," described above, increases students' sense of commitment to and ownership of the program and helps to conserve fiscal resources.
Flexibility
Global TIES provides students with the opportunity to engage in "real world" humanitarian engineering, with real clients, real deliverables, and real deadlines. These projects promise deeper learning than do more contrived engineering problems, but they also present challenges not found in traditional classroom settings. Flexibility on the part of everyone involved in the project is essential to its success. As noted above, the program is largely student-driven, and students are, by definition, engaged in a learning curve. Teamwork is often more rewarding, but always more complicated than working alone. Moreover, the aims and leadership of partner nonprofit organizations can change, and the organization's fortunes can rise and fall, often unexpectedly. Students quickly learn that "real world" engineering is not as tidy as solving the "problems at the end of chapter five." International travel poses particular challenges, given that conditions on the ground can change rapidly. Careful vetting of clients and planning and management of projects can help prevent these challenges, and provide the stability necessary to ensure a rich learning experience for students. But part of what students learn is how to deal with the dynamic landscape and complexities of "real world" engineering, how to negotiate and re-negotiate with clients, and how to innovate in and adapt to changing circumstances. These skills will serve them well in their future careers. Special Edition, pp. 205-221, Fall 2014  ISSN 1555-9033 
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FUTURE DIRECTIONS
Global TIES is looking forward to the next decade and has ambitious plans as well as a bright outlook for the future. Some of its plans for the near term are described below:
Social Innovation Curriculum
A new "global citizen sector" (Bornstein, 2007) 15 is emerging in the world economy. Many of the engineering undergraduates who are in classes and laboratories today will likely be participating in this sector tomorrow. To better prepare them to succeed and lead in this emerging sector, Global TIES plans to expand its curriculum to include courses in social innovation and entrepreneurship. A foundational course, utilizing the NAE Grand Challenges as an organizing theme, is currently in development. This course will focus on the skills necessary to create sustainable, mission-driven enterprises that have social as well as economic value. These will include visioning, strategic planning, research and market analysis, creating quantifiable goals and objectives, developing action plans, fundraising, and evaluating impact. Students will be encouraged to create a proposal for a social enterprise that addresses one or more the NAE Grand Challenges, and that can be further developed in the engineering school's undergraduate incubator.
Alumni Engagement
Global TIES is also exploring ways to more deeply engage with alumni of the program. The creation of an alumni association is underway, and a few experienced alumni have been invited back to the program to serve as instructors and technical advisors. This seems like a natural extension of the vertical integration model and "leadership ladder," described above, in which experienced alumni can serve as professional role models and mentors for current students. Creating a network of students and alumni can facilitate the professional development and advancement of its members, as well as create a growing base of prospective donors for the program.
University Partnerships
Finally, the Global TIES program is actively exploring partnerships with universities in other countries with an eye toward creating collaborative projects. Advances in technology allow Global TIES students to easily communicate with and collaborate with students enrolled at universities in countries in which the program works. Collaborations with international institutions would enrich the cross-cultural experience of students at both universities and enhance local knowledge and support of the project. It is hoped that these partnerships would also facilitate faculty and student exchanges between institutions.
CONCLUSION
Humanitarian engineering programs have the potential to make the undergraduate engineering curriculum more engaging and relevant to students. Moreover, they are one way in which engineering schools can enact the collective commitment to graduate a greater number and diversity of students who are prepared to meet the challenges of the 21 st century, such as those articulated in the NAE Grand Challenges and the UN Millennium Development Goals. Global TIES is a time-tested model that has demonstrated promising results in terms of its impact on students' engagement, as well as on their academic and professional development. It seeks to provide undergraduate students with transformative learning experiences in which they develop their social conscience, a well as their technical skills. Thus, they are prepared to succeed and lead in an increasingly complex and inter-connected world as both professionals and global citizens. Global TIES students are guided by a well-known quotation that they learn when they first join the program, a saying that has most often been attributed to the late American cultural anthropologist, Margaret Mead: "Never doubt that a small group of thoughtful, committed citizens can change the world; indeed, it's the only thing that ever has."
